Ischemic stroke (IS) in young adults is reported as uncommon, comprising less than 10% of all stroke patients 1 . However, In our clinical practice, we are faced not infrequently with patients aged less than 45 years who suffered a stroke, many of them with no risk factors for atherosclerosis and no ultimate clear etiological diagnosis even after a thorough investigation. This diagnostic challenge is one of the main scopes of studying and researching mechanisms of brain ischemia in young adults in addition to the dramatic personal, familial, and socio-economic consequences by affecting individuals at the top of their productive age.
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Ischemic stroke (IS) in young adults is reported as uncommon, comprising less than 10% of all stroke patients 1 . However, In our clinical practice, we are faced not infrequently with patients aged less than 45 years who suffered a stroke, many of them with no risk factors for atherosclerosis and no ultimate clear etiological diagnosis even after a thorough investigation. This diagnostic challenge is one of the main scopes of studying and researching mechanisms of brain ischemia in young adults in addition to the dramatic personal, familial, and socio-economic consequences by affecting individuals at the top of their productive age.
Although cardioembolism and cervicocephalic arterial dissection have been established as principal etiological factors of IS in young adults 2 , a systematic diagnostic approach must be applied to all patients, regarding the great number of potential causes in this group and the multifactorial nature in many of these patients.
Despite more accurate diagnostic tools recently acquired in vascular imaging, hematological and genetic studies, currently, the number of young patients with cryptogenic IS remains high, performing 30-40% 3, 4 . Considered an unusual cause of IS in the young two decades ago 5 , atherosclerosis has gaining projection by recent reports of significant raise in traditional risk factors as hypertension, diabetes, obesity, dyslipidemia and tabagism among hospitalized adolescents and young adults 6 . Table 1 shows the main categorizations of etiologic subtypes of IS in young adults that must be considered in every young patient with IS.
On the other hand, FMD as a rare nonatheromatous, noninflammatory systemic angiopathy more common in young and middle-aged women, may be an incidental finding in asymptomatic patients 13 . Moyamoya disease affects mainly Asian people, but is described throughout the world 14 . Ischemic stroke predominates in children whereas intracranial hemorrhage is usually seen in adults. Our personal experience through multiethnic population in Brazil points to a greater frequency of moyamoya disease in Japanese descendants.
Vasculitides of the central nervous system (CNS) are often reminded when differential diagnosis of IS in young adults is discussed, however their diagnostic confirmation seldom occurs. The main reasons for this failure lie on their rarity and pleomorphic clinical symptomatology since cerebral angiitis usually reveals a subacute or progressive encephalopathy with multifocal neurologic deficits 15 . Therefore, isolated angiitis of the CNS and systemic vasculitides uncommonly open with acute stroke episodes.
In endemic regions, neurocysticercosis must be considered in young adults with small or large-vessel angiitis. Subarachnoid cysts near the ischemic lesion, associated with inflammatory changes in the wall of neighbouring intracranial arteries, are the hallmark of this condition 16 . Table 2 shows a brief classification of the vasculitides that affect the CNS.
Fabry's disease 17 , cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL) 18 , mitochondrial encephalopathy with lactic acidosis and stroke-like episodes (MELAS) 19 , and hereditary endotheliopathy with retinopathy, nephropathy and stroke (HERNS) 20 are genetic and hereditary diseases that deserve consideration in the differential diagnosis of IS in young adults.
Susac's syndrome (retinocochleocerebral vasculopathy) 21 and Sneddon's syndrome (livedo reticularis associated with cerebrovascular events) 22 , with or without antiphospholipid antibodies, are other rare noninflammatory angiopathies that occur predominantly in young adults.
Reversible cerebral vasoconstriction syndrome, also known as Call-Fleming syndrome or postpartum angiopathy, is commonly secondary to exposure to vasoactive substances and to the postpartum state. Ischemic stroke and and rank first or second regarding all etiologies of IS in young adults 5, [7] [8] [9] . The increased awareness and the routine use of less invasive neuroimaging studies, as computed tomography and magnetic resonance imaging, have permitted to establish this diagnosis in a raising number of patients. Angiographic evidence of fibromuscular dysplasia (FMD) is found in about 15% of the patients with cervical internal carotid dissection 10, 11 , and simultaneous bilateral carotid dissection was described in 14% of the patients, most with an underlying arteriopathy, mainly FMD
cARDIogENIc EmbolISm
Cardioembolism, one of the most important mechanisms of IS in the young, is worthy of consideration in all patients with this condition. The proportion of cardioembolic strokes in young adults varies from 20% to one third 2, 4, 5, 8 . In the past, mainly in developing countries, rheumatic valvular disease was an important cause of embolism, but currently patent foramen ovale (PFO) has gained relevance among cardiac sources of embolism, being the most frequently reported cause of cardioembolic stroke in young adults 24, 25 . The prevalence of PFO in the general population is high, about one fourth, decreasing gradually with increased age, from 34% during the first 3 decades to 20% in the 9 th decade 26 . Paradoxical venous embolism through right to left shunt is considered the commonest mechanism of stroke in this situation, but in situ thrombosis within the atrial septum and propensity of developing arrhythmias such as atrial fibrillation are alternative mechanisms 27 . Several case-control studies showed that the presence of PFO in patients younger than 55 years of age is significantly associated with cryptogenic stroke 28 , and associated prothrombotic state or concurrent atrial septal aneurysm seems to increase their stroke risk.
Chagas' disease (CD) is an independent risk factor for IS 29 and dilated cardiomyopathy and arrhythmias cause cardioembolism in most of the patients with CD and stroke. However, about 20-25% of patients with IS and T cruzi infection have cryptogenic stroke. Thus, all patients with cryptogenic or cardioembolic stroke should be screened for T. cruzi infection if they live in or have emigrated from endemic areas, mainly South America 30 . Chronic inflammation in CD has been hypothesized as a trigger to cause vascular damage and stroke in this group of cryptogenic stroke patients with no significant systolic dysfunction or cardiac arrhythmias 31 .
lARgE-ARtERy AthERoSclERoSIS
Large-artery atherosclerosis has been shown to be an infrequent cause of IS in young adults, usually reaching values below 10% 5, 9, [32] [33] [34] . However, our experience in São Paulo corroborates the findings of Zétola et al. in Curitiba, Brazil, who found higher percentages of atherothrombotic stroke in young adults associated with high prevalence of arterial hypertension, smoking, hypercholesterolemia, diabetes mellitus and alcohol abuse 35, 36 . Thus, for reducing the burden of stroke also in young populations, it seems very cost-effective prioritizing interventions targeting control of modifiable risk factors, especially in developing countries and minorities in high income nations 37 . High percentage of large artery atherosclerosis was also found in Korean and Malaysian young patients, 20.8 and 28.3% respectively 38, 39 , and significant intracranial stenosis was demonstrated in 26.5% of Taiwanese young people, being premature atherosclerosis the most common cause of intracranial stenosis 34 .
SmAll-VESSEl DISEASE
Although small-vessel disease characteristically affects older diabetic or hypertensive people, high percentages (17-32%) were reported from Asian and US black patients, suggesting race-ethnic influences on this subtype of young stroke patients 34, [38] [39] [40] . A Brazilian series points to lower numbers (12%) 32 , similar to most published studies 3, 9, 32, 41, 42 . In neurocysticercosis, endarteritis may cause lacunar syndromes by involvement of small penetrating arteries. Therefore, this diagnosis should be considered in young adults with small-vessel disease who originate from endemic areas 43 .
hEmAtologIc coNDItIoNS
Only 1-4% of IS are related to acquired and genetic thrombophilias, but these numbers seem higher in young adults 44 . The most common acquired thrombophilia associated to IS in the young is antiphospholipid syndrome. Antiphospholipid antibodies, particularly lupus anticoagulant, are an independent risk factor for IS in young adults 45 . Genetic prothrombotic states play an important role in young patients with cerebral venous thrombosis, but thrombophilia alone rarely causes arterial occlusions 46 . mIgRAINE Considering that migraine affects about 15% of the adult population, migrainous infarct is a rare event in young adults.
Migrainous infarction is defined as an IS occurring during a typical attack of migraine with aura, except that these aural symptoms persist for more than 60 minutes. Moreover, neuroimaging has to confirm an IS in the vascular topography of the aura, mainly in the territory of the posterior cerebral artery, and other possible causes of IS must be excluded by appropriate investigation 47 .
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The mechanisms involved in the migraine-induced IS are poorly understood. The neuronal spreading depression that supports the aural symptoms does not seem sufficient to trigger ischemic injury by decreasing the cerebral blood flow 48 . Patients with migrainous infarcts usually disclose multiple related vascular risk factors as smoking and oral contraceptive use. Drugs used in migraine treatments, particularly high dose vasoconstrictors, as ergot alkaloids, might trigger IS.
Meta-analysis of observational studies suggested elevated stroke risk in patients with migraine, particularly those with aura (relative risk 2.27, 95% confidence interval 1.61 to 3.19). In migraineurs taking oral contraceptives, the stroke risk was very high (relative risk 8.72, 95% confidence interval 5.05 to 15.05) 49 . The increased risk of IS in migraineurs, especially young women with aura, probably has multifactorial basis, including migrainous infarctions, arterial dissection, fibromuscular dysplasia, PFO, drug induced infarcts, prothrombotic states and genetic factors 48, 50 .
cRyptogENIc StRokE
Ischemic young stroke patients with undetermined etiology varied from 16% to almost half when TOAST 51 criteria were used 3, [32] [33] [34] 38, 52 . These high numbers may be explained in part by the insufficient extent and timing of the investigation, because transient and completely reversible phenomena may underlie the etiopathogenesis of many cases of cryptogenic stroke. For example, cerebral embolism caused by paroxystic asymptomatic arrhythmias like atrial fibrillation can occur in young patients with acute alcoholic intoxication 53 . Furthermore, TOAST classification may lead to overrating the group of undetermined origin, as patients with two or more potential causes fall in this group, joining to the patients with incomplete investigation and those with no evident cause despite complete evaluation.
Thus, more accurate etiologic subtyping of IS, like the recent SSS-TOAST 54 and A-S-C-O classifications 55 , would possibly impact on reducing the high percentages of strokes of undetermined cause found in studies that applied the TOAST classification.
FINAl REmARkS
Young patients with IS are often a diagnostic challenge. A myriad of etiologic possibilities arise in these patients, attenuating the relative importance of atherosclerosis in this age group. However, premature atherosclerosis has arising as a major concern in young stroke patients, considering their high observed prevalence of vascular risk factors.
Differing from the standard IS patients, diagnostic workup in the young is usually extensive and may involve invasive investigation, as cerebral angiography and brain biopsy in suspected cases of isolated angiitis of the CNS. Moreover, unusual therapies for stroke patients can be indicated, like immunosuppression in patients with systemic and isolated vasculitis of the CNS, and revascularization procedures for moyamoya disease.
